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Introduction

Infant immunity differs in many important respects from immune reactions
in adults. The newborn baby is to a large extent immunologically naive and con-
sequently many immune reactions represent primary responses. During the fetal
period the immune system is suppressed and this is still the case at birth. Fur-
thermore, the immunity of the newborn infant is influenced by maternal immu-
nity, both transplacentally and via the breast milk. Thus, there is a close immuno-
logical interaction between the mother and her infant during the gestation and
during the period of breast-feeding, by which the fetus receives protective fac-
tors and components that modify the immune system. as well as antigenic stim-
ulation. The maternal health and immunity are therefore to be considered as
important ‘environmental factors’ for the fetus and infant.

There is accumulating evidence that the conditions under which the primary
encounter with ubiquitous food and inhalant allergens takes place may have a
long, perhaps even life-long impact and to decide whether tolerance to the aller-
gen will develop or whether sensitization and clinical manifestations of allergy
are triggered. Recent evidence indicates that this encounter may occur already in
tetal life.

Prenatal Interaction

The womb is the tirst environment that an individual encounters. Relatively
little is known about the exchange of immunological information during the ges-




tational period between the mother and her oftspring. The fetus is protected from
various external influences by the placental barrier. This barrier is selective and.
for example. maternal IgG antibodies and various antigens pass through it [1].
There is an active transport of 1gG. as indicated by the higher levels in the cord
blood than in the maternal serum. Their specificity depends on the maternal
immunity. The barrier does in principle not allow the passage of other isotypes.
nor of cells to the offspring. By increasing maternal intake of milk and egg, for
example, during pregnancy, it is possible to increase maternal antibody concen-
trations to these foods and by increasing the intake there is a corresponding
decrease in antibody concentration [2].

There are several ways by which transplacentally transterred immunity by
maternal TgG antibodies may protect the baby. They reduce the risk for infec-
tions in the intestinal and respiratory tracts [3]. Such infections could possibly
change mucosal barrier tunction and influence immune responses to antigens,
including enhanced allergic sensitization.

There are also indications that maternal IgG antibodies against various
foods may protect the infant from sensitization, although these studies were
never published as full papers. Furthermore, in another. more recent and larger
study this could not be confirmed [4].

In contrast to IgG. maternal IgE is supposed not to pass over the human pla-
centa. The human fetus seems capable of producing IgE antibodies [5], but under
normal circumstances this production is limited. as indicated by the low levels of
I¢E in cord blood. Elevated levels of cord blood IgE, i.e. above about 0.8 kU/I,
do occur in some newborns and they are associated with an increased risk for the
development of allergic discase during infancy and childhood [6]. The most
likely explanation for the presence of elevated levels of IgE in cord serum of
allergy-prone babies is a low-grade spontaneous synthesis of polyclonal IgE,
alternatively by fetal IgE production against allergens passing through the pla-
centa.

Transplacental transfer of maternal anti-idiotypic antibodies is a second
possible explanation for the occasional finding in cord blood of [¢gE antibodies
directed against various allergens [7. 8]. Such maternal IgG antibodies directed
against the antigen-specific parts of other antibodies have a structure similar to
the antigen and they can replace the antigen as an immunological stimulus. As a
consequence, anti-idiotypic antibodies would have the capacity to stimulate fetal
antibody formation against certain antigens. Such antibodies may also theoreti-
cally modulate infant immunity in other ways, either up- or down-regulating,
depending on the circumstances.

Elevated levels of IgG anti-IgE antibodies in the cord blood appear to be
associated with less allergy during the first 18 months of life [9]. This was par-
ticularly obvious in babies with a strong family history of allergy. This finding
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would indicate that maternal immunity may be an important environmental fac-
tor influencing the risk for allergic manifestations in her child, even many years
later. It is also possible that reports of a stronger influence of genetics, when
atopy is inherited from the maternal side rather than from the paternal [10]. are
not explained by genetic imprinting but by an early environmental influence.

A third explanation is that fetal IgE production may possible be a conse-
quence of allergens passing through the placenta and inducing an immunological
response in the fetus. This possibility is indicated by the observation that pro-
teins, eaten by pregnant rats. can be isolated both in serum of their pups and in
the amniotic fluid [11]. In humans. food allergens are often present in the serum
of adults after ingestion of milk and egg, but so far there is no documentation of
food allergens in the fetal circulation. There are occasional reports of low levels
ot IgE antibodies against cow’s milk in some samples of cord blood [12-15].
Furthermore. positive skin prick tests have been elicited in newborns to peni-
cillin, helminths, cow’s milk and grass pollen [16~18]. In other., larger studies
prenatal sensitization could not be confirmed [2, 19, 20]. It is reasonable to con-
clude that although the fetus is not completely protected from allergenic mate-
rial. it is rarely sensitized in utero.

There are several recent reports indicating that the primary contact with
allergens may take place during fetal life. Thus., T-cell responses to several
inhalant and food allergens have been recorded in cord blood [21-24]. It is not
known whether these immune responses are caused by exposure to the antigen or
to anti-idiotypic antibodies.

It has been suggested that perinatal stress factors could represent environ-
mental influences that would increase the risk for later appearing allergic disease
[18]. These studies were retrospective, however, and did not control for various
other possibilities. In unpublished studies we have not seen any indication for
prematurity in itself as a risk factor for atopic sensitization.

Maternal Diet during Pregnancy

The fact that foods are the dominating allergens in infants, as well as the
possibility of prenatal induction of IgE antibody formation, has prompted stud-
ies of maternal dietary restrictions during pregnancy as a means to prevent the
development of the IgE antibodies and allergy in the babies. Some of these stud-
ies are however difticult to evaluate. as the maternal diet was not limited to preg-
nancy but continued into the lactation period [25].

Two prospective studies that were limited to studying the effects of dietary
manipulation during pregnancy both failed to reveal any protective effect. In one
of the studies. pregnant women with a family history of allergy were randomly
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assigned to an unrestricted diet. or to an elimination diet during the last trimester
of pregnancy [4, 26]. Allergenic foods like cow’s milk. egg and fish were
excluded in the intervention group. In another prospective study of similarly
selected mothers, the participants either had a diet low in these foods. or had a
diet with increased amounts of milk and eggs, i.e. at least [ litre of milk and one
egg daily {2, 27]. In contrast to the effect of dietary manipulation of breast-feed-

ing mothers (see below), none of the diets during pregnancy were associated
with a reduced risk for food allergy. nor of other symptoms ol atopic disease in
their babies. Thus, neither the avoidance of certain allergenic toods, nor in-
creased amounts of them in order to stimulate IgG antibody formation had any
appreciable effects on clinical symptoms.

The studies indicate that dietary manipulation of the mothers during preg-
nancy is not associated with less allergy in their babies, unless continued into the
lactation period. Consequently. no dietary restrictions should be imposed on

pregnant women for allergy prevention purposes.

Other Prenatal Factors

It has been reported that smoking, as compared to nonsmoking mothers.
more often give birth to infants with a high neonatal IgE concentration [28].
These studies were however not conclusive, as they can be criticized from a
methodological point of view. In contrast to the role of exposure to tobacco
smoke after birth, the role of this prenatal is still not conclusively proven.

There are also indications that medication to pregnant women may affect
the rate of allergy in their children. Observations include a possible increase in
neonatal IgE concentration in babies of mothers treated with the B-blocking
agent metoprolol {29]. Intrauterine exposure to metoprolol tended to be associ-
ated with more atopic disease during the first years of life, as compared to chil-
dren of placebo-treated mothers.

The influence of maternal disease during pregnancy on the rate ot allergic
disease in their children has not been adequately assessed in prospective studies.
There are however suggestions that the well-being of pregnant asthmatics may
add to the genetic risk for development of atopic disease in their babies [18, 30].

In conclusion. although much remains to be studied. it is reasonable to
assume that maternal immunity, health and medication. particularly during the
final part of pregnancy all may have consequences tor the incidence of allergy in
their babies, at least during early childhood. Whether prenatal factors may also
affect the change of allergy later in life remains to be studied.
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Human Milk

Human milk contains numerous components that protect the infant against
infections {31, 32]. They include factors that provide specific immunity, e.g.
secretory IgA, low levels of 1gG, IgM and IgE and viable lymphocytes. Of even
larger importance is probably the presence of numerous factors, however, that
provide nonspecific protection against potential pathogens, including gut colo-
nization with nonpathogenic bacteria, lectins and other carbohydrates and lipids
with antimicrobial, antiviral and antiprotozoan activity. Growth factors, includ-
ing factors enhancing gut closure, are also present in the milk. Such factors are
possibly of clinical significance, for example by reducing antigen uptake
through the gut wall and by this reducing the risk for sensitization and the devel-
opment of intestinal allergy.

There are also indications that human milk contains components that
enhance the maturation of the immune system of the newborn infant. Several
recent studies indicate that human milk may exert a regulatory role on infant
immunity. Observations include an early stimulation of IgA antibody synthesis
in breast-fed infants [33—35] and transfer of cell-mediated immunity [36, 37] and
cytokines [37. 38]. Thus, human milk would not only provide passive protection
against infections, but also actively stimulate infant immunity.

Human milk contains foreign antigens, e.g. food antigens eaten by the
mother [31]. These may sensitize the baby [18, 20]. The small amounts of aller-
gens that may be present in breast milk can, thus. be sufticient to cause a high
grade of sensitization in a genetically predisposed infant and even to evoke aller-
gic symptoms during lactation. These observations have prompted clinical stud-
tes in which the maternal diet was moditied during pregnancy as a possible
means to prevent sensitization and allergic manifestations in their babies. In
some studies however, the maternal antigen avoidance diet was started already
during pregnancy [25]. A reduced incidence of atopic dermatitis, urticaria and/or
gastrointestinal disease was noted up to at least 12 months of age. but not later,
and there was no effect on the incidence of asthma and rhinoconjunctivitis.

The effect of maternal hypoallergenic diet during the lactation period was
addressed in a Swedish study [20, 39]. Mothers of infants with a tamily history
of allergy either adhered to a diet with total avoidance of cow’s milk, egg and
fish products or had an unrestricted diet from the time of delivery and during the
tirst 3 months of lactation. The infants were exclusively breast-fed for at least 3
months or, if this was not feasible. were given a hydrolysate formula. Both
groups of infants were given a casein hydrolysate formula up to 6 months of age,
if they were not fully breast-fed. The incidence of atopic dermatitis was signifi-
cantly lower during the first 6 months of age in infants of mothers adhering to
the hypoallergenic diet, as compared to the nondiet group. Furthermore, the
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maternal diet restrictions resulted in a significantly lower rate of sensitization in
the dict infants during the time of restrictions. The follow-up at 4 years of age
showed a significant difference in the incidence of atopic dermatitis in the diet
children compared with the nondict children [39]. The incidence and prevalence
of other atopic manifestations were similar in the two groups however.

In conclusion. the prospective studies in which the effect of avoidance of
highly allergenic food by lactating mothers was evaluated indicate that such
manipulation of the maternal diet in exclusively breast-fed infants may delay the
onset of allergic sensitization and disease in their babies and also result in less
severe disease in those that develop allergic symptoms. Thus, manipulation of
the maternal diet may be worthwhile during the lactation period (but not during
pregnancy) in families with a genetic predisposition for allergic disease. Mater-
nal diet should. however, be employed only in selected cases and it should not be
recommended indiscriminately, as it imposes a substantial emotional and social
stress on the family as well as a risk for suboptimal nutrition of the mother. Fur-
thermore. the families should be informed that the results of even a strict mater-
nal hypoallergenic diet are at best modest.

Since sensitization occurs so often during breast-feeding, the thought itselt
suggests that high-risk infants should not be breast-fed at all but should rather be
given hypoallergenic formula immediately after birth. However, in the light of
all the other advantages of breast-feeding, including both biological and psycho-
logical advantages. such advice should not be given at present. Nevertheless, a
careful evaluation of such a preventive measure is justifiable. Even though the
results in the literature do not form the basis for any general preventive mea-
sures. they increase the insight into the process of sensitization and thereby help
to increase our understanding of seemingly contradictory case histories that the
parents sometimes give. The mother who. after weaning, reports that the child’s
eczema has got better, is probably just as right as the mother claiming that the
cczema in her infant worsened when her child received an infant formula. In the
First case. sensitization to eggs. for example. may have occurred and the amount
of allergen in the breast milk was sufficient to provoke symptoms during lacta-
tion. An improvement then took place after weaning when the child was given
ordinary food. which. for the children of that age usually contain no egg protein.
Similarly. in the second case, sensitization to cOw’s milk, for instance, may have
oceurred. but not to such a degree that the small amounts of cow’s milk trans-
ferred by breast milk provoked symptoms. while such symptoms were provoked
when a cow's milk-based formula was introduced.

The precise relation between breast-feeding and infant allergy is thus not
fully understood. It is reasonable to assume that any allergy-protective effects of
breast-feeding may vary with the individual mothers. as both their diet and their
imumune status appear to play a role (table 1). Also. an allergy-preventing effect
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Table |. Breast-feeding and possible protection against

allergice disease

Appears to delay the onset of allergy in genetically
predisposed individuals

The allergy-preventive quality of milk may vary, e.g.:
Maternal diet
Maternal immunity

Several possible protective mechanisms. e.g.:
Protects against infections
Stimulates the maturation of the immune system
Low allergen content
Passive transfer of immunity

of human milk seems, however, to be limited to babies with a genetically deter-
mined increased risk for allergic disease [40]. This lends further support to the
notion that environmental factors associated with an increased rate of allergic
disease in children are mainly operative in individuals with a genetic propensity
for allergic sensitization and disease.

Conclusion

There is a close immunological interaction between the mother and her
baby which is operative throughout the gestation period and after birth until
weaning. Thus, the mother does not only genetically influence her offspring but
also represents a significant environmental factor early in life. Recent research
has provided evidence that primary exposure to antigens may occur already dur-
ing fetal life. The clinical signiticance of these observations are unknown.

Breast-feeding is of major significance to promote the health of the infant.
This is particularly true in developing countries, but it has major advantages over
tormula-feeding also in wealthy, industrialized countries. Much more needs to
be learnt about the complex immunological interplay between the mother and
her baby through the breast milk.
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